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Abstract 11 
BACKGROUND: Marolo (Annona crassiflora Mart) is a typical Savannah fruit very 12 
nutritious and highly appreciated. However, its consumption has been limited to fresh 13 
fruit. The objective of this study was to evaluate the potential use of marolo flour in the 14 
production of healthy snack bars to valorize this fruit and to provide an alternative ready 15 
to eat nutritious product. Snack bars containing increasing amounts of marolo flour 16 
(5g/100g, 10 g/100g, 15 g/100g, 20 g/100g, expressed in w/w) were produced and the 17 
physico-chemical and sensory characteristics were determined. RESULTS: Levels up to 18 
20% marolo flour can be incorporated in snack bars with some minor changes in pH and 19 
moisture content but with an increase of 2.4 fold in dietary fiber content and also 1.3 20 
fold of vitamin C, minerals and antioxidant activity. In addition, up to 10% marolo flour 21 
improves significantly the sensory properties of the snack bars, namely appearance, 22 
taste, texture and overall acceptance. CONCLUSION: Marolo flour can be considered 23 
alternative flour for obtaining healthy snack bars, with increased nutritional and sensory 24 
quality.     25 
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INTRODUCTION 27 
The demands for nutritious and safe foods is growing worldwide, since eating a 28 
balanced diet is the recommended way to prevent or correct health problem as obesity, 29 
diabetes, malnutrition, heart disease, among other ailments that largely have their origin 30 
in dietary errors. The new trend for consumption of healthy, innovative and convenience 31 
food is driven the market of cereal-bars to a gradual growth. The change in the lifestyle 32 
of consumers and their health awareness have made that scientists and food industries 33 
change formulations and ingredients for increasing food nutritional value and safety. 34 
Cereal-bars are very versatile product, made of processed cereals mixed with a variety 35 
of ingredients, which selection depends on the targeted population group. 1 In fact, 36 
wheat-soy snack bars have designed as nutritional bars for providing the necessary 37 
nutrients for feeding people on-the-go 2, and the use of walnuts have been successfully 38 
used in the production of snack bars with a significant amount of crude fiber and lipids3; 39 
or even high-protein snack bars have been produced for consumers engaged in sports 40 
and dieting4. The ingredients must be combined appropriately to ensure that they 41 
complement each other in the characteristics of flavor, texture and physical properties 5. 42 
Therefore, snack bars are convenient products addressed to healthy people, but also they 43 
constitute a compact product to provide energy and micronutrients to people in famine 44 
suffering areas of the world.  45 
In some countries the consumption of snack bars is very popular and continuously 46 
increasing, which prompted the food industries to invest in new cereal-bar formulations 47 
and ingredients. According to Euromonitor International6, the growth forecast of energy 48 
and nutrition snack bars from 2009 to 2014 will be around 33%  49 
The Savanna is an important Brazilian eco-system with a large number of fruit species. 50 
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In spite of many fruits are edible, rich in pigments and have distinctive aromas, their 51 
consumption has been limited to local populations. The marolo or araticum (Annona 52 
crassiflora Mart) is a typical fruit of Cerrados, Cerradoes, Cerrado denso and Campo 53 
Cerrado drain rock that belongs to the Annonaceae family. The fruit tree grows in the 54 
states of Bahia, Distrito Federal, Goias, Maranhao, Mato Grosso, Mato Grosso do Sul, 55 
Minas Gerais, Pará, Sao Paulo and Tocantins.7  Marolo has recently attract attention due 56 
to its sensory characteristics such as color, aroma and ¯avour, besides nutritional 57 
qualities like high levels of B-complex vitamins, such as thiamine (0.04 mg/100 g) and 58 
ribo¯avin (0.07 mg/100 g), in addition to levels of ascorbic acid (37.5 mg/100 g), total 59 
phenolics (0.5 g/100g), crude fiber (4.5 g/100g), beta carotene (50 mg/100g) and 60 
carotenoids (5.9 µg/g). 8 Canniatti-Brazaca 9 explained the interest in Marolo by its 61 
content in polyphenols (flavonoids and isoflavones) oligosaccharides (such as 62 
fructoligosaccharides), carotenoids and ascorbic acid. Despite their health-promoting 63 
compounds, only the native people consume marolo as fresh fruit or frozen, the former 64 
is used to prepare juices, ice-creams, jellies, and jams. Their limited consumption is 65 
partly due to the scarce information regarding potential uses, processing and quality of 66 
processed foods obtained from marolo. Recently, Corrêa et al. 10 evaluated the physico-67 
chemical properties of fresh and dehydrated marolo obtained by freeze-drying or 68 
convective hot-air drying. They found that dehydrated products could be a source of 69 
alimentary fiber and some fatty acids, providing a new alternative for extending the 70 
applicability of this fruit. 71 
The objective of this study was to evaluate the potential use of marolo flour in the 72 
production of healthy snack bars to valorize this fruit and to provide an alternative ready 73 
to eat nutritious product.  74 
75 
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MATERIAL AND METHODS76 
Fruits of marolo (Annona crassiflora Mart) were harvested in the area of Cerrado native 77 
on the South of Minas Gerais State. Ingredients were purchased in local market. 78 
Reagents were of analytical grade.  79 
80 
Preparation of marolo flour 81 
Fruits were washed and sanitized using a solution of 1.216µM sodium hypochlorite for 82 
the removal of field dirt and impurities. Pulp was separated from the seed by using a de-83 
pulper Hauber Macanuda (model MJI-05, series 074-09 JoinvileSC- Brazil). Pulps, 84 
which had jelly structure, were dehydrated at 65°C for 48h in a laboratory oven and 85 
then ground in industrial blender using a common sieve mash 3 for obtaining the flour. 86 
Final moisture content of the flour was 9.5%. 87 
88 
Processing of snack bars 89 
The snack bars production was carried out in the Department of Food Science of the 90 
University Federal of Lavras  Brazil. The process technology used in the formulation 91 
of food bars was reported by Torres 11, with some modifications. The snack bar recipes 92 
consisted in 400g kg-1 crashed corn starch biscuit, 60g kg-1  oat flakes, 60g kg-193 
skimmed milk powder, 40g kg-1 rice flakes, 450g kg-1 of corn syrup. When present, 94 
crashed corn starch biscuit was replaced by increasing amounts of marolo flour (5%, 95 
10% 15% and 20%, expressed in w/w). 96 
Dry ingredients (corn starch biscuit, skimmed milk powder, rice flakes, oat flakes) were 97 
mixed using a blender. Simultaneously, binding syrup was prepared by mixing corn 98 
glucose without applying heat. Syrup was added to solids blend and mixed till obtaining 99 
a uniform mixture, which was then manually laminated, left to stand for 8 hours and 100 
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then cut (10x2 cm, approximately 25g each), packed in aluminum-coated cellophane 101 
and kept at 20ºC until further analysis. 102 
103 
Physico-Chemical analysis  104 
The water activity (Aw) of the bars was measured in AQUA Labmodel 3TE Series 3B v 105 
3.0 (Decagon Devices Inc. Washington, USA). Five grams of bars were homogenized 106 
with 45 ml of distilled water in a Tecnal Turratec TE-102 (Piracicaba, Sao Paulo, 107 
Brazil) at 22,000 rpm for 1min at 20ºC. Then, sample was poured over a screen filter, 108 
and the filtrate was used for further analysis. The pH was directly measured on the 109 
filtrate with a pHmeter Schott Handylab (London, UK), following the AOAC method.12110 
The water soluble compounds (SS) were also quantified in the filtrate by refraction 111 
index using a digital refractometer Reichert AR 200 (Tokyo, Japan), with automatic 112 
temperature adjustment and the results were expressed in Brix degree, as described in 113 
AOAC method.12114 
The chemical composition (moisture, lipids, proteins, crude fiber and ash) of snack bars 115 
was determined according to AOAC corresponding standard methods.13 Total 116 
carbohydrates were determinate by difference subtracting 100 g minus the sum of 117 
protein, ash and fat expressed in g kg-1. Minerals (calcium, phosphorous, iron, 118 
potassium) were quantified following AOAC methods.12 The total dietary fiber, soluble 119 
and insoluble fibers were determined by enzymatic-gravimetric method 13, using the 120 
total dietary fiber assay kit (Sigma-Aldrich, St. Louis, MO, USA). The vitamin C was 121 
determined of colorimetric method used 2,4-dinitrophenylhydrazine following the 122 
method described by Strohecker et al.14 The absorbance was measured at 520nm in a 123 
Beckman 640B spectrophotometer and the results expressed in mg kg-1 of ascorbic 124 
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acidity. The antioxidant activity was estimated with the stable free radical 2,2-diphenyl-125 
1-picryl hydrazyl (DPPH).15,16126 
127 
Sensory analysis 128 
Hedonic sensory evaluation of snack bars was conducted with 100 usual consumer 129 
volunteers of those products. Consumer test was carried out in the Sensory Analysis 130 
Laboratory of the Department of Food Science of University Federal of Lavras (Brasil) 131 
in individual booths. Snack bars were evaluated for appearance, aroma, taste, texture 132 
and overall acceptability on a nine-point hedonic scale.17 Attributes were scored on a 133 
scale varying from 9 = like extremely to 1 = dislike extremely. Samples were 134 
presented in white plastic dishes coded with three-digit random numbers and served in a 135 
randomized order.  136 
137 
Statistical Analysis 138 
The results were expressed as mean values ± standard deviation. Data were analyzed 139 
using one-way analysis of variance (ANOVA) to determine whether there was 140 
significant difference between snack bars by using Statgraphics Plus V 7.1 program 141 
(Statistical Graphics Corporation, UK). Fishers least significant differences (LSD) test 142 
was used to differentiate means with 95% confidence. 143 
144 
RESULTS AND DISCUSSION 145 
Physico-chemical characteristics of the marolo flour were determined. The proximate 146 
composition was 29.2 g kg-1 protein, 48.3 g kg-1 of lipid and 174.3 g kg-1 dietary fiber, 147 
besides 1830.6 mg kg-1 vitamin C, 34.33 mg kg-1 Fe and 1700 mg kg-1 Ca and 48.76º 148 
Brix.  149 
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Physical and chemical characteristics of the snack bars obtained with increasing levels 150 
of marolo flour were determined. Marolo fruit flour has acid pH (4.96), which could 151 
affect the snack bars, because of that, the final pH of the supplemented snack bars was 152 
determined (Table 1).  The presence of marolo flour in snack bars resulted in a 153 
significant (P<0.05) pH decrease. Taking into account that freeze-dried flour from 154 
marolo has pH 5.34 10, that can explain the pH results. The decrease of pH induced by 155 
the marolo flour was rather similar to the one produced by cupuassu (Theobroma 156 
grandiflorum) peel flour (0.24 units of pH), another fruit tree from Brazilian Amazon, 157 
when added up to 9% in a whole bread formulation.18 Aramouni et al.2 prepared 158 
different wheat and soybased bars with pH ranging from 5.11 to 6.45, which was 159 
mainly explained by the pH of the wheat or soybean flours.  160 
The soluble solids, expressed in ºBrix (Table 1), showed a significant decrease 161 
with the presence of up 10 % marolo flour, since cornstarch biscuit, utilized as solid 162 
base of snack bars, was replaced with marolo flour. Water activity of the snack bars 163 
(0.56) was not influenced by the presence of marolo flour, thus it is expected that 164 
mechanical properties, stability and shelf life would not be altered. Value of water 165 
activity agrees with previous results for cereal and nut bars.3 Low water activity values 166 
are desirable to ensure low risk of microbial proliferation and pathogenic spoilage and 167 
good shelf life, but also because bars will have crunchy texture.19 The addition of 168 
marolo flour decreased the moisture content of the bars, although it was only significant 169 
with the highest level of fruit flour tested (20 %).  170 
171 
The proximate composition (Table 2) of snack bar was significantly (P<0.05) affected 172 
with the addition of marolo flour. The fat content increased from 21.2 g kg-1 to 26.0 g 173 
kg-1  when enhancing marolo flour addition. An increase in the fat content was expected 174 
8 
due to the lipid content of marolo flour (48.3 g kg-1) 10, that tendency has been also 175 
observed in other fruits from Brazilian Amazon, for instance when added up to 9% 176 
cupuassu peel flour in a whole bread formulation.18 Taking into account that this type of  177 
snack bars are categorized as energy and nutrition bars, the increase observed in the fat 178 
content would be foreseen as positive effect. Mineral content of marolo supplemented 179 
snack bars was within values encountered for cereal and nut bars (1.5-2.1%).3 However, 180 
the most important contribution of marolo flour to snack bars was in fiber content and in 181 
proteins. The crude fiber content of the snack bars showed a 45% increase with the 182 
addition of 20% marolo flour, and regarding the proteins, 1.2 fold enhancement was 183 
observed compared to the control bars. The protein values of the marolo supplemented 184 
snack bars were higher than the values found by Sun-Waterhouse et al.20 when 185 
compared the composition of fruit-based functional snack bars, which ranged from 10.7 186 
g kg-1 up to 36.0 g kg-1. Higher protein content was reported for cereal and nut bars 187 
(71.9-115.9 g kg-1) 3, and for wheat and soy snack bars (75-175 g kg-1) 2, but lower in 188 
snack bars enriched with soybean texturized protein and camu-camu (15.4 g kg-1).21 Lin 189 
et al.22 studying the factors influencing dietary protein sources stated that proteins can 190 
have very positive effect in the organism human, contributing with the control of the 191 
pressure blood and the effect was dependent on the type of protein.  192 
Total dietary fiber (TDF) of supplemented snack bars ranged from 46.5 g kg-1 to 64.6 g 193 
kg-1, which was significantly higher than the TDF of the snack bar without marolo flour 194 
(control) (27.1 g kg-1), thus all supplemented snack bars contained good amount of 195 
dietary fiber (>30 g kg-1) (Table 3). Supplemented snack bars showed higher amount of 196 
insoluble dietary fiber than soluble dietary fraction, the former barely present in this 197 
bars. Therefore, snack bars supplemented with up to 15% marolo flour can be labeled as 198 
source of fiber according to Brazilian legislation that establishes for solid food to be 199 
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considered source of fiber it should present at least 3 g of fiber for each 100g of food; 200 
whereas bars supplemented with 20% marolo flour might be labeled as high fiber 201 
content, since it presented more than 6 g of fiber for each 100g food.23 Therefore, this 202 
result confirmed previous suggestion of Corrêa et al.10 regarding that dehydrated marolo 203 
products would be potential sources of fibers in food preparations. The positive role of 204 
fiber in health and disease prevention, particularly in digestive health, energy balance, 205 
and cancer, heart and diabetes problems justify the demand of increasing fiber dietary 206 
content in the daily diet.24207 
The micronutrients are necessary compounds for an appropriate physiological 208 
state of the body that can be administered orally in the diet, enteral or parenteral, being 209 
necessary to keep an adequate balance.24,25 Mineral elements must be supplied from 210 
food because they cannot be synthetized, and considering the worldwide deficiencies in 211 
different minerals, it is worthy to provide convenient foods with enough amounts of 212 
minerals.26 The supplemented snack bars contained significantly higher amounts of 213 
nitrogen, phosphorous, potassium, manganese, zinc and iron than the control bar (Table 214 
4). Calcium and magnesium content were significantly increased when snack bars were 215 
supplemented with at least 10% or 15% marolo flour, respectively. The contribution of 216 
the marolo flour to the cupper content was only significantly increased when 15% 217 
marolo flour was present. In general, the mineral content in the supplemented snack 218 
bars increased with enhancing the levels of marolo flour. Damiani et al.27, when 219 
characterizing Savannah fruits, found the following mineral contents in fresh marolo 220 
pulp: 1920 mg kg-1 calcium, 350 mg kg-1, magnesium, 3.45 mg kg-1 of zinc, 3.82 mg kg-221 
1 of iron, 2.2 mg kg-1 of cooper and 220 mg kg-1 phosphorus. Considering the high 222 
mineral content of the fresh fruits, it was really expected such high contribution in the 223 
micronutrient content of the supplemented snack bars.28224 
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Marolo fruit is an important source of vitamin C (9,500 g kg-1), thus it could be 225 
expected a significant contribution of this vitamin when marolo flour was added to the 226 
bars. When adding increasing levels of marolo flour to snack bars, a progressive 227 
increase of vitamin C was observed, although that increase was only significant when 228 
marolo flour level was higher than 10% (Table 3). It is noteworthy to stress that by 229 
supplementing 20% marolo flour, vitamin C content of the snack bars was 33% higher 230 
than the value obtained in the control bars. Antioxidant effects of vitamin C have been 231 
demonstrated in many experiments in vitro; and it is also known the oxidants role in 232 
different human diseases such as atherosclerosis and cancer.28 Although, the direct 233 
relationship between protective or prevention effects of vitamin C and disease incidence 234 
has not been demonstrated, optimal dosing is critical to intervention studies where food 235 
sources of vitamin C are required. 236 
Bearing in mind that marolo fruit is rich in antioxidant compounds (342.9 units L-1 of 237 
total antioxidant potential)27, foods supplemented with its dehydrated products might be 238 
also suppliers of those compounds. In Table 3 is shown that marolo flour addition in 239 
increasing levels to snack bars formulation resulted in a progressive rising of DPPH 240 
radical-scavenging activities that in the case of 20% supplemented bars was more than 241 
three-fold higher as compared to the control. There is scarce information about the level 242 
of antioxidant activities in similar products. Nevertheless, blends of extruded rice and 243 
Cannabis sativa L. (known as hemp) (60:40) could increase by two-fold the DPPH 244 
radical-scavenging activity of the energy bars made of extruded rice.30245 
246 
Considering its nutritional value, marolo flour is certainly a desirable ingredient in a 247 
convenience product such snack bars, but a sensory test is decisive for testing its 248 
acceptance. Snack bars supplemented with up to 20% marolo flour showed all the 249 
11 
scores significantly above the predetermined acceptability level (5 = no like, no dislike) 250 
(Table 5). Mean value score for the sensory descriptors (appearance, aroma, taste, 251 
texture, overall acceptance) was 7 (comparable to liked moderately on the 9-point 252 
hedonic scale) slightly superior to the control bar. 5% supplemented bars received the 253 
highest score for appearance, taste, texture and overall acceptance, whereas aroma was 254 
scored higher at the maximum supplementation tested (20%). Therefore, marolo flour 255 
added up to 10% to snack bars improved significantly the sensory perception of that 256 
product, and superior levels (up to 20% supplementation) gave snack bars with 257 
appearance and taste similar to those of the control, besides lower overall acceptance 258 
and better aroma and texture than the control. Sensory properties of the supplemented 259 
snack bars confirm the great potential of marolo flour as ingredient for this type of 260 
products, since its own sensory characteristics such as color, aroma and ¯avour are 261 
greatly appreciated. 262 
CONCLUSIONS 263 
The incorporation of marolo flour in a new product as snack bar is feasible and it could 264 
be considered as a new highly nutritional ingredient for the food industry, which can 265 
also provide a new taste for consumers. Levels up to 20% marolo flour can be 266 
effectively incorporated in snack bars, considering the overall results in 267 
physicochemical properties and sensory perception of those products. Incorporation of 268 
levels of marolo flour of up to 20% in snack bars  provides a food product with  269 
substantial improvement in dietary fiber content and also vitamin C, minerals and 270 
antioxidant activity. Besides the beneficial nutritional effects, the addition of up to 10% 271 
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Table 1. Physico-chemical characteristics of the snack bars supplemented with marolo 364 
flour (SSB). 365 
Samples pH SS (ºBrix) Aw Moisture content (g kg-1) 
Control 6.92±0.01c 85.44±0.33c 0.56±0.01 91.4±0.16b
SSB 5% 6.85±0.01a 60.23±1.65b 0.56±0.01 91.2±0.05b
SSB 10% 6.89±0.01b 54.51±1.76a 0.56±0.01 90.9±0.03b
SSB 15% 6.88±0.02b 54.38±1.38a 0.56±0.01 90.9±0.03b
SSB 20% 6.84±0.02a 54.29±1.20a 0.56±0.01 84.7±0.47a
Values followed by different letters within columns indicate significant differences (P £ 0.05). 366 




Table 2. Proximate composition (g kg-1, as is) of snack bars supplemented with 371 
different concentrations of marolo flour (SSB). 372 
Samples Fat Crude Fiber Proteins Ash Carbohydrates
Control 21.2±0.2ab 27.6±2.8a 61.2±3.1a 18.3±0.1b 807.9±9.8c
SSB 5% 24.0±2.4b 33.8±1.6b 69.3±3.1b 19.1±0.1b 796.4±3.7b
SSB 10% 24.0±0.3b 33.9±0.2b 69.3±1.9b 15.9±0.5a 799.9±17.2b
SSB 15% 26.0±1.9c 34.6±2.1c 72.5±1.4c 15.1±3.8a 795.5±13.3ab
SSB 20% 26.0±0.6c 40.0±2.2d 72.5±1.8c 19.5±1.6b 797.3±7.3a
Values followed by different letters within columns indicate significant differences (P £ 0.05). 373 






Table 3. Dietary fiber composition, vitamin C and antioxidant activity of marolo flour 379 
supplemented snack bars (SSB).  380 
 Samples IDF (g kg-1) SDF (g kg-1) TDF (g kg-1) Vitamin C (mg kg-1) AP 
Control 27.0±3.7a 0.02±0.01a 27.1±3.5a 298.7±12.0a 51.3±2.0a
SSB 5% 46.4±0.6b 0.02±0.02a 46.5±0.6b 304.3±9.5ab 78.6±4.0b
SSB 10% 47.5±1.2b 0.05±0.01b 47.6±1.3b 317.6±35.0ab 76.3±3.5b
SSB 15% 53.5±2.3c 0.07±0.01c 53.7±2.2c 338.7±15.0b 89.1±12.3b
SSB 20% 64.5±0.6d 0.09±0.01d 64.6±0.6d 395.9±11.5c 163.0±18.7c
Values followed by different letters within columns indicate significant differences (P £ 0.05). 381 
TDF: total dietary fiber; IDF: insoluble dietary fiber; SDF: soluble dietary fiber. AP: antioxidant 382 
potential expressed as the discoloration of the DPPH radical L-1.  383 
Fishers least significant differences (LSD) test was used to differentiate means with 95% 384 
confidence.385 
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Table 4. Mineral content of supplemented snack bars (SSB) with marolo flour addition. 
Values followed by different letters within columns indicate significant differences (P £ 0.05). Fishers least significant differences (LSD) test was used to 
differentiate means with 95% confidence. 
Table 5. Sensory evaluation of the snack bars added with marolo flour (SSB) in different concentrations. 
Samples Appearance Aroma Taste Texture Overall acceptance 
Control 7.10 a 6.92 a 6.87 a 7.10 a 7.00 b
SSB 5% 7.32 b 7.22 ab 7.04 b 7.35 b 7.27 c
SSB 10% 7.26 ab 7.17 ab 7.01 b 7.27 b 7.25 c
SSB 15% 7.28 ab 7.37 b 6.92 ab 7.34 b 7.11b
SSB 20% 7.15 a 7.36 b 6.75 a 7.31 b 6.50a
Values followed by different letters within columns indicate significant differences (P £ 0.05). Fishers least significant differences (LSD) test was used to 
differentiate means with 95% confidence.  
Minerals
(mg kg-1) (mg kg
-1) 
N P K Ca Mg Cu Mn Zn Fe 
Samples 
Control 9,800±200a 1,400±100a 1,800±200a 7,000±300a 200±10a 1.07±0.01a 3.56±0.01a 13.78±0.02a 24.27±0.01a
SSB 5% 11,100±300b 1,600±200b 2,100±100b 7,600±120a 300±10a 1.08±0.01a 5.75±0.01b 14.28±0.01b 33.23±0.01b
SSB 10% 11,100±100b 1,600±100b 2,900±200c 15,200±130b 1,700±150b 1.17±0.02ab 6.25±0.02c 14.78±0.01b 35.61±0.02c
SSB 15% 11,600±100c 1,800±100c 2,900±100c 14,800±150b 1,900±110b 1.37±0.01b 7.38±0.01d 16.06±0.02c 37.24±0.02d
SSB 20% 11,600±200c 1,800±100c 2,900±200c 14,900±100b 2,000±150b 1.20±0.02ab 7.86±0.01d 16.49±0.02c 39.05±0.01e
